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Thermal decomposition and ablation analysis of solid
rocket nozzle using MSC.Marc

Yun Chul Kim

ABSTRACT

A two-dimensional thermal response and ablation simulation code for predicting charring
material ablation and shape change on solid rocket nozzle is presented. For closing the problem
of thermal analysis, Arrhenius’ equation and Zvyagin’s ablation model are used. The moving
boundary problem and endothermic reaction in thermal decomposition are solved by rezoning
and effective specific heat method. For simulation of complicated thermal protection systems, this
method is integrated with a three-dimensional finite-element thermal and structure analysis code

through continuity of temperature and heat flux.
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Fig. 1 Thermochemical Decomposition Phenomena
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Program Name )

( Procedure ) (

Gas properties Determination HPro»PEP ‘

Calculate Boundary Condition BC ‘

1

Kinetic Constant
Determination

1

Thermal Properties Evaluation |——( TPE

1

Mesh Generation of Model

1

FEM analysis

I R A

Temperature Distribution

Fig. 4 Flow chart for FEM analysis

A2 Fe AHEE =F 2P Fig. 5 & 2
ov, £E 9 2bvl AL FEM WE sAzs
] MSCMarc & AF&3lgeon sad Axes
Fig. 6 =} 2t}

Al ex EIXE Z27toz Yo EFAE
o UEREE TaAD. A4 2L Al
£ F FAE A= e FHolnE dXdY F
wEe AAse Auh % & 39 FAE 33

o
pate
&

wue) fEAe d& Y ¥ 398 WA
of grsl golst Avt FAE wAGoH I
Qetnd APk Y= WHAFHE NFoR =F

215 B
Ay
T T Y
A
A
T
N
WW\\\\\\\
N

1500 |-

1000 |-

/////

Density(g/em’)

Temperature(K)

Fig. 8 2 % A} 57 33
a7 =

@wsl 2 Avt Bde FEae =2
F9 249 £ 2 Ak 4L Yo
S

Aee 1A FA7HY

T O
>

41 2 R

st

N
(@)
N
L

A Aoz

o
o
£

>

N e g83tozn 231 = o
°

agHow FAY F vk

1
o
=)

’
==
X





